Environment Protection Engineering

Vol.

11 1985 No. 3-4

L V. SKIRDOV*, K. M. MOROZOVA*, S.1I. KOLTSOVA*

METHODS OF OPERATING EFFICIENCY
IMPROVEMENT OF THE SECONDARY
SETTLING TANKS

The results of hydraulic and technological research on the operation of various secondary
settling tanks are presented. It has been proved experimentally that hydraulic coefficients of per-
formance in vertical and radial settling tanks do not exceed 30 and 459, respectively. The results
of technological tests reveal the negative effect of density flows on sedimentation in these tanks.
The major part of the settling zone is occupied by semi-stagnant and vortex zones caused by density
flows. This deteriorates significantly the effluent quality. Negative effect of density flows is elimi-
nated in settling tanks equipped with the rotating bottom distributing device and developed water
collecting system. The velocity of the density flow propagation in the settling tank is decreased by
supplying the sludge layer with mixed liquor and due to the movement of the bottom rotating dis-
tributing device, its velocity being equal to that of the propagation of density flow but the direc-
tion opposite.

The results have revealed that hydraulic coefficient of performance of such a tank is equal
to 80-90%, exceeding 2-3 times that of conventional facilities. Elimination fo density flows permit-
ted us to improve substantially hydraulic regime in the facility and to create optimal conditions
for sedimentation in the tank’s volume.

Due to double reduction of hydraulic depth with respect to that of radial settling tarks and to
simultaneous 1.5-2 times increase of capacity, this design is more cost effective and promising.

Secondary settling tanks of various types are widely used in the system of facilities

for biological treatment of wastewaters.

They perform several functions: separation of mixed liquor, clarification of superna-

tant and thickening of settled sludge. These functions must be interrelated in such a way
as to ensure the necessary degree of the returned sludge thickening sufficient for main-
taining a given concentration of biomass in aeration tanks at the lowest content of the
effluent solids.
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The other conditions (such as the sludge volume index (SVI), the sludge concentra-
tion in the aeration tank and the wastewater temperature) being equal, SS concentra-
tion in the effluent depends on the hydraulic conditions in the settling tank ensured by
the type of sludge-distributing and water-collecting devices.

In the treatment facilities constructed in the USSR, the employed settling tanks are
vertical, rectangular and radial. Schemes of these facilities are given in fig. 1. Vertical
settling tanks are used in the treatment facilities of low capacity, radial and rectangular

Fig. 1. Diagrams of secondary settling tanks
Rys. 1. Schematy osadnikéw wtérnych

ones being employed at aeration stations of medium and high capacities. Radial settling
tanks are most often employed because of their operation reliability and systematic re-
moval of sludge by sludge suckers or sludge scrapers. They, however, are characterized
by unsteady turbulent conditions which are affected by density and convective flows.
These disadvantages of radial settling tanks become doubled during separation of mixed
liquors the density of which is higher than that of the effluent in the settling tank.
Studies on hydraulic conditions of radial secondary settling tanks were carried out
at the VODGEO Institute where a number of municipal and industrial treatment facili-
ties were investigated, using the method of tracing by a fluorescent and a radioactive
isotope. The analysis of the obtained data permitted us to evaluate the degree of hydraulic
imperfection of settling tanks. For radial settling tanks of diameters of 20-40 m, their ca-
pacity expressed by the ratio of real retention time to the designed one ranges within
0.3-0.45. Tt means that 55-70% of the settling tank volume is occupied by practically
stagnant zones.
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Distribution of SS concentration in the settling tank volume (fig. 2), being in the cen-
tral part 2-3 times lower than in the working flow from the settling tank, indicates the im-
perfection of hydraulic conditions, i.e. that the upper central part is semi-stagnant. The
working flow is carried by the density flow down to the bottom and, moving towards the
periphery, occupies about 1/3 of the tank volume. After having reached the edge of the tank
at a high velocity, the working flow is reflected and generates an intense circulation and
a counter flow in the upper part of the settling tank. In the vortex zone under the collect-
ng weir the SS concentration increases, some part of SS being carried out with the effluent.
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Fig. 2. Field of concentrations in a radial settling tank, D = 20 m
Rys. 2. Pola stezern w osadniku promieniowym, D = 20 m

Density flows also affects substantially the hydraulic conditions in vertical settling
tanks. Mixed liquor having entered the unit spreads about the more thickened sludge
blanket, strikes against the edge and generates a circular flow, which rapidly reaches
the surface of the settling tank, and the working flow overflows into the collecting trough.
The efficiency of the vertical secondary settling tanks is equal to 0.25-0.3. The charac-
teristic feature of standard structures of these facilities is the sludge deposition on the slo-
pes and in the corners of sludge hoppers hampering their maintenance.

The negative effect of density flows is in a way characteristic of rectangular secondary
settling tanks.

Hydraulic conditions of secondary settling tanks may be distinctly improved in two
ways: 1) by decreasing the difference between the density of feeding mixed liquor and that
of influent remaining in the settling tank and 2) by applying rotating sludge distributing
devices since then the density flow is eliminated by the distributing device moving in the
opposite direction. The first method can be realized by feeding the mixed liquor directly
into the sludge blanket.

After preliminary research carried out on the model, this method was verified in one
of the operating secondary settling tanks installed in treatment facilities of a chemical
complex. To this end one of the conventional settling tanks was transformed into a tank
equipped with the rotary bottom distributing device and a surface water-collecting de-
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vice. The scheme is given in fig. 3. Mixed liquor is fed by means of a sag pipe I to the
central rotating chamber 2. The chamber is connected with two sludge-distributing pi-
pes located near the bottom of the tank. Jet-cutting segmental diaphragms 5 are installed
close to the outlets 4 of sludge-distributing pipes. Jet-guiding blades 6 are fixed on the pipe
behind the outlets. Thickened and settled activated sludge is collected by two sludge
suckers 7.

The clarified effluent is collected in four radially located submerged pipes 8 connected
with the rotating central chamber 9 for clarified water. Rotating parts of the central cham-
ber are connected with the lower parts through air valves 5 fed continuously with air.
The excess air is discharged into the atmosphere through special pipe sockets. The design
of water collecting and sludge distributing devices ensures an equal detention time of
cach separate jet. Rotation speed of the sludge sucker is 17.5 rev/min.

Fig. 3. Settling tank with the rotating sludge -distributing device and a developed water collecting device
Rys. 3. Osadnik z wirujacym urzadzeniem rozprowadzajacym osad oraz urzadzeniem zbierajacym wodg¢
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The settling tank with the rotating bottom distributing device operates steadily uuner
hydraulic conditions varying from 0.5 to 2.1 m/h. Efffuent solids do not exceed 10 mg/dm?,
During investigations the sludge concentration in the aeration tank varied from 1,1 to
1.6 g/dm?®, the SVI being cqual to 96-166 cm3/g. The highest load of the solid phase was
3.2 kg/m? hour.

Studies of hydraulics and the concentrations have shown the absence of density flows
in the settling tank. The efficiency of the settling zone is 0.85-0.95.

The automatic system for sludge and water level stabilization in the settling tank sim-
plifies sufficiently the maintenance of the unit,
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Fig. 4. Field of concentrations in a settling tank with the bottom distribution

Rys. 4. Stezenia w osadniku o rozdzielaniu dennym

The investigations and the experience gained in maintenance of the radial settling
tanks proved the presence of semistagnant zones (in the central part of the unit) and vor-
tex zones of high velocities caused by density flows. These phenomena were investigated
in radial settling tanks of various diameters (20, 24 and 40 m). The SS concentration in
the central part of the settling tank is 2-3 times lower than that in the effluent. The same
situation was observed during investigations of vertical settling tanks.

In order to compare the operation parameters of various secondary settling tanks,
the following relationship can be used:

C, = f(g,, IC)

where:
C, — effluent solids, mg/dm?,
I — sludge volume index, cm3/g,

C, — sludge concentration in the aeration tank, g/dm3.

The product IC, is a generalized criterion characterizing settling properties of various
activated sludges. This relationship for secondary settling tanks is given in fig. 4. From
this figure it follows that the settling tank with the bottom distributing device is affected
by variations of the hydraulic load. These facilities operate steadily at the load ranging
from 0.1 to 0.48 m3/m? h, while the other types at the normal effluent solids do not with-
stand the loads higher than 0.2-0.3 m3/m? h.
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Better operating parameters of settling tanks with the bottom distributing device
are due to special hydraulic conditions. These facilities can be used at 3-5 g/dm® MLSS
concentrations when the effect of density is very considerable.

Ce

60 !

40

30

20 // /A ;
-
, P A//{
4—a A % X 4

__—/.’

0 0,10 0,20 0,30 0,40 050 Qy

Fig. 5. Sludge content in the effluent from secondary settling tanks of various types depending on the
loading
1 — vertical, settling tanks, 2—3 — radial settling tanks, 4 — settling tank with the bottom rotating distributor
Rys. 5. Zawarto$¢ osadu w odcieku z osadnikéw wtornych roznych typow w zaleznosci od obciazenia

1 — osadniki pionowe, 2—3 — osadniki promieniowe, 4 — osadnik z wirujacym rozdzielaczem dennym

CONCLUSIONS

1. Hydraulic conditions of the secondary settling tanks affect significantly their ope-
ration efficiency. Due to the density flows in vertical and rectangular settling tanks, the
volume used does not exceed 40%.

2. By eliminating the density flows by means of rotating distributing devices, the
volume used may increase to 80-90%, the highest percentage will be obtained by using
bottom rotating distributing devices.

3. The capacity of secondary settling tanks can be increased by improvement of their
hydraulic conditions. Thus, the hydraulic load in settling tanks with the bottom rotating
distributor reaches 2.2 m®/m?/h at normal effluent solids up to 20 mg/dm3 which exceeds
almost 2 times the load in radial settling tanks.
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4. Operation of new secondary settling tanks was tested under full-scale conditions.
These facilities are recommended for a number of treatment plants. In treatment plants
of the capacity of 100,000 m3/day they will give the economic benefit of 140,000 rubles
per year.

REFERENCES

[1] AnpErsON N. E., Design of final settling tanks for activated sludge, Sewage Works J., No. 1, 1945,

[2] GAavriLov K. V., BoLoTINA O. T., IVANYUSHIN G. L., Elements of distance control and monitoring at
Lyublino aeration station (Ministry of Municipal Economy of the USSR), Moscow 1959.

[3]1 KavLsskopr K. H., Uber die Zusammenhdinge zwischen Belebungs und Nachklirbecken, Oster-Abwasser-
Rundschau, No. 4, Wien 1974.

[4] KiscHERSTROM C., ISGARD E., LASSEN S., Settling of activated sludge in horizontal tanks, J. of Sanitary
Engineering Division, 93, No. 3, 1967.

[S] PrLaNz P., Uber das Absetzen des belebten Schlames in horizontal durch stromten Nachklarbecken,
Hannover 1966, H.I.

[6] SkirDOV I. V., New type of settling tank with the moving water distributing and collecting device, Water
Supply and Sanitary Engineering, No. 11, 1960.

METODY ZWIEKSZANIA WYDAJNOSCI OSADNIKOW WTORNYCH

Przedstawiono wyniki hydraulicznych i technologicznych badan eksploatacyjnych réznych typow
osadnikow wtdrnych. Wykazano doswiadczalnie, ze wspolczynniki hydrauliczne osadnikéw poziomych
i radialnych nie przekraczaja odpowiednio 30 i 45%,. Badania technologiczne wykazaly negatywny efekt
przeplywow gestosciowych na przebieg sedymentacji. Glowna cze$¢ strefy sedymentacji osadnika zajmuja
obszary cieczy stojacej i obszary zawirowan wywolanych przeptywami gestosciowymi. Obniza to znacznie
jako$¢ wody wyplywajacej z osadnika.

Ten negatywny efekt przeplywow gestosciowych mozna wyeliminowaé wyposazajac dno osadnika
w obrotowe urzadzenie rozprowadzajace ciecz i odpowiedni system odbierania wody. Szybkos¢ rozprzes-
trzeniania si¢ przeplywu gesto$ciowego w takim osadniku redukowana jest dzieki doplywowi cieczy do
warstwy osadu oraz ruchowi obrotowemu urzadzenia rozprowadzajacego na dnie osadnika. Szybkos¢
obrotoéw tego urzadzenia dostosowana jest do szybkosci propagacji przeplywu gestosciowego lecz skiero-
wana przeciwnie.

Stwierdzono, ze hydrauliczne wspolczynniki eksploatacyjne takiego osadnika osiagaja warto$é 80-
90%, a wigc przewyzszaja 2-3 krotnie wartosci uzyskiwane w urzadzeniach konwencjonalnych. Eliminacja
przeplywow gestosciowych usprawnia zasadniczo hydrauliczne warunki pracy urzadzenia i stwarza opty-
malne warunki sedymentacji w calej objetosci osadnika.

Dzigki dwukrotnej redukeji glgbokosci hydraulicznej w poréwnaniu z osadnikami radialnymi oraz
dzigki rownoczesnemu, 1,5-2 krotnemu wzrostowi wydajnosci zaprojektowany osadnik jest rozwiazaniem
obiecujacym z punktu widzenia kosztéow eksploatacyjnych.

METHODEN ZUR ERHOHUNG DER KAPAZITAT VON NACHKLARBECKEN

Angefiihrt werden hydraulische und technologische Betriebsergebnisse von verschiedenen Nachklir-
becken. Man konnte nachweisen, daB8 hydraulische Koeffiziente von langs durchflossenen und von Radial-
becken 30 und 459% nicht iiberschreiten. Technologische Untersuchungen haben den negativen Einflu3
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der Dichtestromungen auf den Sedimentationsverlauf erwiesen. Den Hauptteil der Sedimentationszone
im Klirbecken nehmen Totriume mit stehender Fliissigkeit ein, sowie Wirbelrdume, die durch die Dich-
testromung verursacht sind. Das aber beeinflusst in ungiinstiger Weise die Qualitdt des Abflusses.

Die negativen Erscheinungen der Dichtestromungen kann man vermeiden, wenn auf der Beckensohle
entsprechende, drehbare Verteilungseinrichtungen und ein entsprechendes Wasserabnahmesystem instal-
liert werden. Die Geschwindigkeit der Dichtestromung kann durch den ZufluB der Fliissigkeit in die Schlam-
mschicht sowie aufgrund der Drehbewegung der Verteilungseinrichtung gesteuert werden. Die Dreh-
geschwindigkeit der Verteilungseinrichtung sollte mit der Propagationsgeschwindigkeit der Dichtestrémung
ibereinstimmen, zu der letzten aber entgegengerichtet sein.

Die hydraulische Leistung eines solchen Absctzbeckens betrigt 80-90% und ist dementsprechend
2-3 mal so hoch wie die der konventionellen Einrichtungen. Die Eliminierung von Dichtestromungen
ergibt optimale Bedingungen fiir das Absetzen der Schwebestoffe im ganzen Beckenvolumen.

Dank einer Halbierung der hydraulischen Beckentiefe im Vergleich zu normalen Radialbecken und
einer gleichzeitigen 1,5 bis 2-maliger Erhohung der Kapazitit, ein solch neuartiges Klirbecken ist in Be-
tracht von Betriebskosten erfolgversprechend.

METO/IbI ITOBBIMEHUS 9PPEKTUBHOCTU BTOP UTHBIX OTCTOMHUKOB

TIpencTaBIenbl Pe3yabTaThl THAPABIMYECKHX M TEXHOIOIMYECKMX SKCTLIyATAlMOHHBIX HUCCIISIOBAHMUMI
Pa3IMYHBIX TUIOB BTOPHYHBIX OTCTOWHMKOB. [[OXA3aHO OMBITHHIM MyTéM, YTO THApaBIHIecKue Koddhu-
LMEHTHI TOPU30OHTAIIBHBIX ¥ PaIUaIbHBIX OTCTOHHHKOB HE MPEBBILIAIOT COOTBETCTBCHHO 30 u 45%. Tex-
HOJIOFMYECKHe MCCIeIOBAHS TTOKA3a/M OTPHLUATEILHELA SQ(EKT ITOTHOCTHBIX TEYCHMIL Ha X0 porecca
cemuMenTanad. I'IABHYIO YacTh 30HBI CEIEMEHTAIMH OTCTONHAKA 3AHHMAIOT 001aCTH CTOSIYEI KULKOCTH
M O0TACTH BpALICHMIL MOTOKA, BHI3BAHHBIX INIOTHOCTHBIMM TEYEHHAMH. DTO 3HAYMTETBHO CHUKACT Ka-
YECTBO BOJBI, BBITEKAIOUISH M3 OTCTOMHHKA.

DTOT OTPHIATEILHBI ) (GEKT INIOTHOCTHBIX TEYCHUH MOKHO IITMMUHUPOBATE, cuabxast THO OTCTOU~
HHKa HOBOPOTHOM YCTAHOBKOH, Pa3BOJALICH JXUIKOCTH M COOTBETCTBYIOIIEN CHCTEMOl BoHompuéMa.
CKOPOCTh PACHpPOCTPAHEHHs ILIOTHOCTHOIO TEYEHMSI B TAKOM OTCTOHHMKE YMEHBIIACTCS Omaromaps
HPUTOKY SKHIKOCTH B CIOW WMia, a Takke ONarofaps HBWKSHUIO HOBOPOTHOMH pa3BOASIIEl yCTAaHOBKH
Ha 1He oTcToiHuKa. CKOpOCTh 0GOPOTOB 3TO YCTAaHOBKA HPHCIOCOGIIEHA K CKOPOCTH PacnpOCTPaHeHHA
OJIOTHOCTHOTO TEYEHUS, HO HAmpaBlieHa B IPOTHBOIOIOKHOM HAIpPABIICHHM.

OTMEYCHO, YTO THIPABIHIECKHE IKCILIYaTAMOHHbIE KOIPHUIHMEHTEI TAKOTO OTCTOMHHKA IOCTUTAIOT
sHavenns 80-90%, T.e. IPEeBBIIAIOT B 2-3 pa3a 3HAYEHHs, JOCTHIACMbIC B TPAIULMOHHBIX YCTAHOBKAX.
DIMMAHUPOBAHHAE IIOTHOCTHBIX TEYCHUH NPUHIMIMAIIBHO YIyYIIAeT IHAPABIMICCKIC pabouue yciaoBHs
YCTAHOBKH M CO3JaET ONTHMAJIbHBIE YCIOBHUS CEAUMEHTALIHU BO BcEM 00BEME OTCTOMHMKA.

Braromapsi IBYyKpaTHOMY YMEHBIICHUIO THIPABIAYCCKOM TJIyOMHBI IO CPABHEHHIO C PAMATIbHBIMHA
OTCTOMHMKAMH, a TaKXKe 6Iaroaaps OJHOBPEMEHHOMY 1,5-2-KpaTHOMY HOBBLULICHUIO MPOM3BOJATENb:
HOCTH, 3aIpOEKTHPOBAHHBIE OTCTOMHUK SBISETCSA MHOIOOOEUIAIOUIMM € TOYKM 3PCHHMA IKCITyaTaluoH=
HBIX PacXomoB.




